Introduction
============

Endoscopic submucosal dissection (ESD) and endoscopic mucosal resection (EMR) are effective techniques for removal of early neoplasia of the gastrointestinal tract by separating submucosa and muscular layer [@JR1703-1] [@JR1703-2] [@JR1703-3] [@JR1703-4] . In some situations, such as submucosal fibrosis, previous failed resection, or submucosal invasion, these techniques may not achieve en bloc and histologically complete (R0) resection [@JR1703-5] [@JR1703-6] [@JR1703-7] [@JR1703-8] . Endoscopic full-thickness resection could be a valid alternative to conventional surgery. The technique was inspired by the transanal endoscopic microsurgery (TEM) technique used by colorectal surgeons [@JR1703-9] . TEM consists of a full-thickness en bloc excision of a large rectal tumor down to the perirectal fat, with or without suture of the resection bed. The main advantage of TEM is avoiding risk of impairing rectal and genitourinary function as after proctectomy and complete mesorectal excision [@JR1703-10] [@JR1703-11] [@JR1703-12] [@JR1703-13] [@JR1703-14] [@JR1703-15] .

A clip-assisted endoscopic full-thickness resection device (FTRD) has been shown to be feasible for such lesions in retrospective studies [@JR1703-16] [@JR1703-17] [@JR1703-18] and one prospective study [@JR1703-19] , but the technique is limited by its applicability to lesions \< 20 mm in size. Endoscopic full-thickness resection with an ESD knife performed by gastroenterologists would allow en bloc R0 resection with no limitation in terms of lesion location or size.

The aim of this retrospective multicenter study was to evaluate the feasibility, safety, and clinical outcomes of full-thickness resection with an ESD knife.

Patients and methods
====================

Indications for full-thickness endoscopic resection
---------------------------------------------------

Indications for full-thickness endoscopic resection were as follows: (1) Invasive pattern on magnification chromoendoscopy and/or endoscopic ultrasound findings suggestive of deep submucosal infiltration; (2) prior endoscopic resection failure due to submucosal fibrosis or difficult lesion location; and (3) carcinoid or other subepithelial lesions.

Periprocedural management
-------------------------

All procedures were performed in an inpatient setting under deep sedation with propofol or general anesthesia with endotracheal intubation. Patients received a single dose of intravenous prophylactic antibiotics according to local protocols.

All resections were performed by endoscopists with extensive experience in expertise in colonoscopy, EMR and ESD (\> 30 cases of colonic ESD).

All endoscopic procedures were performed with CO ~^2^~ insufflation. Before resection, diagnostic endoscopy was performed to characterize and measure the lesion and search for an invasive pattern. Lesion margins were delineated before beginning resection using coagulation markings or indigo carmine dye spraying. After resection, the specimen was immediately collected and the resection site was assessed to check completeness of resection and search for active bleeding.

All patients were discharged minimally at postoperative day 1 and were monitored clinically for signs of bleeding or perforation.

Endoscopic full-thickness resection technique
---------------------------------------------

Submucosal lifting was attempted using indigo-carmine-stained saline, or a lifting solution made of 5 % fructose and 10 % glycerol mixed with saline. Then, a circumferential mucosal incision was made. Submucosal dissection was started and converted to a full-thickness resection when impossible to complete without opening the muscularis propria ( [Fig. 1](#FI1703-1){ref-type="fig"} ). Bleeding was controlled using hemostatic forceps, such as the Coagrasper (Olympus, Tokyo, Japan) in soft coagulation mode (50 W). Closure of the resection wound was achieved using hemoclips or an over the scope clip in the colon or proximal rectum. Desufflation of the capnoperitoneum was performed using a 14 G needle whenever necessary.

![Endoscopic full-thickness (transparietal) resection procedure. A Paris 0-Is + IIc lesion of the lower rectum was marked with an endoscopic submucosal dissection knife and the submucosal layer was injected (Panel 1A). **b** Mucosal incision was achieved and **c** submucosal dissection performed until reaching the muscularis propria. **d** Transparietal dissection was achieved, allowing en bloc resection of a T2 adenocarcinoma. **e** The resection bed was finally closed with clips.](10-1055-a-1127-3092-i1703ei1){#FI1703-1}

Clinicopathological characteristics
-----------------------------------

Lesion locations were divided into six areas: rectum, sigmoid colon, descending colon, transverse colon, ascending colon, or cecum. Macroscopic tumor type was classified according to the Paris classification. The following parameters were collected: age, previous resection, tumor location, submucosal fibrosis, resection area, procedure time, and macroscopic type.

En bloc resection was defined as lesion removal in a single piece with macroscopically lesion-free lateral and vertical margins. R0 resection was defined as an en bloc resection with histologically complete resection, i. e. absence of neoplastic tissue at the lateral or vertical resection margins.

Clinical perforation was defined as abdominal pain, fever (temperature superior to 38.5 °C, and elevated biological inflammation markers (C-reactive protein superior to 5 mg/L and/or leucocytes superior to 10 000/mm ^3^ ) after the procedure. Computed tomography scanning was used to confirm the diagnosis and rule out other complications.

Submucosal fibrosis was defined as a whitish, dense, tissue in the submucosa without any distension or color change after submucosal injection.

Histopathologic workup evaluation
---------------------------------

The specimens were examined to determine histologic type, depth of invasion, lymphovascular invasion, and lateral and vertical resection margins.

Curative resection of an adenocarcinoma was defined when all of the Japanese Classification for Cancer of the Colon and Rectum [@JR1703-20] criteria were met: lateral and vertical resection margins free of tumor, submucosal invasion \< 1,000 μm from the muscularis mucosae, absence of lymphatic or vascular involvement, or poorly differentiated component. Local pathologists at each center were in charge of the pathologic assessment.

Statistical analysis
--------------------

Data were summarized as median and range for discrete variables and as means and standard deviation for continuous variables, unless stated otherwise. Categorical variables are reported as percentages to describe proportions and continuous variables are reported as means. Demographics and outcomes of all patients treated by full-thickness resection with an ESD knife were recorded. Bivariate analysis was performed separately for each variable. *P* values were calculated by the Chi-square or Fisher exact test for discrete variables, by the *t* -test or Wilcoxon test for continuous variables. All patients provided written informed consent for the procedure and the publication of the data.

Results
=======

Patients and lesions characteristics
------------------------------------

From August 2010 to September 2017, 21 full-thickness endoscopic resections with an ESD knife were performed in six centers. Patient characteristics are presented in [Table 1](#TB1703-1){ref-type="table"} .

###### Baseline characteristics of 21 neoplastic colorectal lesions in 21 patients treated by endoscopic full-thickness resection using an ESD knife.

                                                                               n = 21
  ---------------------------------------------------------------------------- ------------------------
  Age -- mean ± SD (range), years                                              65.6 ±10.5 (38--85)
  Male/female ratio                                                            11/10
  Anticoagulant/Antithrombotic use -- n                                        2/3
  Prior therapeutics -- n (%)                                                  11 (52)
  Location -- n                                                                
  Appendix/cecum/right/transverse/left/                                        0/0/2/0/0/3/16
  sigmoid/rectum                                                               
  Colon vs. rectum                                                             5 (23.8) vs. 16 (76.2)
  Indication for resection -- n (%)                                            
  Failed prior resection attempt                                               15 (71.4)
  Invasive pattern                                                             4 (19)
  Submucosal lesion                                                            2 (9.5)
  Intra diverticular lesion or appendicular lesion                             0
  Size -- Mean ± SD size (range), mm                                           46.2 ± 2.1 (10--95)
  Paris classification subtype -- n                                            
  Is/ IIa/Is + IIa/IIa + IIb/IIa + IIc/IIb/IIc/ Is + IIc/Subepithelial tumor   3/3/5/0/3/0/3/3/1

ESD, endoscopic submucosal dissection; SD, standard deviation

Eight lesions were treated with Triangle Tip knife (Olympus, Tokyo, Japan), three with Hybrid-knife T-type (Erbe, Tubingen, Germany), five with Dual knife (Olympus, Tokyo, Japan), and five lesions with Jet knife (Olympus, Tokyo, Japan). Median procedure time was 126 min (range = 95--270). Median age was 68 years (range = 38--85 years). Two patients were on anticoagulants and three patients were on antiplatelet therapy. Lesions were located in the rectum in 76.2 % of patients (16/21), in the sigmoid colon in 14.3 % (3/21), and in the right colon in 9.5 % (2/21). For lesions located in the rectum, they were respectively located in the distal rectum ( \< 5 cm from the anal verge), in the mid rectum (5--10 cm) and in the proximal rectum (\> 10 cm) in five, three and one cases; seven cases of rectal lesions were not precisely located.

Overall, 52 % of the lesions (11/21) were recurrences occurring following an EMR or an ESD of a colorectal adenoma. Lesions were categorized according to the Paris classification as type 0-Is (2/21) or 0-II lesions (17/21), or as subepithelial lesions (2/21). A macronodule was observed in 38 % of lesions (8/21).

Endoscopists considered pit pattern to be invasive in 43 % of lesions (9/21). Mean (± SD) size of resected lesions was 35.5 ± 21 mm (range: 10--95 mm).

Technical feasibility and en bloc resection rate
------------------------------------------------

Full-thickness resection with an ESD knife was indicated based on signs of deep mural invasion in 57.1 % (12/21), prior failed ESD in 33.3 % (7/21) and submucosal lesions 9.5 % (2/21). In four of seven cases of failed ESD, submucosal fibrosis was attributable to prior endoscopic resection attempts with scarring. Lesions with signs of deep submucosal infiltration were adenocarcinomas in 11 of 12 cases.

Full-thickness resection was achieved in 100 % (21/21) and presence of serosa or serous or peritoneal fat was described by the pathologist in three cases. In 23.8 % of cases (5/21), the resection bed was closed by conventional hemoclips (4/5) or an over-the-scope clip (Ovesco, Ovesco Endoscopy AG, Tubingen, Germany) (1/5).

En bloc resection was achieved in 90.1 % (19/21), piecemeal resection in 9.5 % (2/21). Plasma argon or coagulation was used as complementary treatment for macroscopically positive margins in 9.5 % (2/21). Details of the endoscopic procedures are listed in [Table 2](#TB1703-2){ref-type="table"} .

###### Therapeutic outcomes after full-thickness resection of 21 early colorectal neoplasms using an ESD knife.

                                                           n = 21
  -------------------------------------------------------- --------------------
  Successful resection rate -- n (%)                       21 (100)
  En bloc resection rate -- n (%)                          19 (95.2)
  R0 resection rate -- n (%)                               13 (65)
  Curative resection rate for carcinoma -- n (%)           2 (15.4)
  Surgery for cancer -- n (%)                              5 (38.4)
  Admission time -- Mean ± SD, (range), days               3.1 ± 1.95 (1--8)
  Complications -- n (%)                                   
  Clinical perforation                                     14 (66.7)14 (66.7)
  Per-endoscopic desufflation/medical/surgical treatment   2/12/0
  Delayed bleeding                                         0 (0)

ESD, endoscopic submucosal dissection

Histologic and technical outcomes
---------------------------------

Histologic analysis showed adenoma in 28.6 % (6/21), with low-grade dysplasia and high-grade dysplasia in one and five cases, respectively. Adenocarcinoma was reported in 61.9 % (13/21), neuroendocrine tumor in 4.7 % (1/21), and no neoplastic tissue was found on the specimen in 4.7 % of cases (1/21). The carcinoma was intramucosal or Tis in 9.5 % (2/21)), submucosal in 23.8 % (5/21), T2 in 23.8 % (5/21), T3 in 4.7 % (1/21). Histology of carcinoma was documented before the resection procedure in only 3 cases.

Resection was histologically complete (R0 resection) in 61.9 % of patients (13/21). Positive deep resection margins (for adenocarcinoma) were found in two patients and positive lateral margins (with high grade dysplasia) in six. The two piecemeal resections were classified R1. Finally, among the 13 lesions containing adenocarcinoma, only two resections were considered curative according to the Japanese criteria, as shown in [Table 3](#TB1703-3){ref-type="table"} .

###### Histopathologic findings in 21 neoplastic colorectal lesions managed by full-thickness resection using an ESD knife.

                                                       n = 21
  ---------------------------------------------------- ----------
  Adenoma -- n (%)                                     6 (28.6)
  Cancer -- n (%)                                      13 (62)
  Tumor infiltration -- n (%)                          
  Tis                                                  2 (9.5)
  T1 superficial [1](#FN1703-1){ref-type="table-fn"}   1 (4.8)
  T1 deep [2](#FN1703-2){ref-type="table-fn"}          4 (19)
  T2                                                   5 (23.8)
  T3                                                   1 (4.8)
  Lymphovascular involvement -- n (%)                  4 (30.7)
  Undifferentiated adenocarcinoma -- n (%)             1 (7.6)
  GIST/NET -- n (%)                                    1 (7.6)
  Absence of neoplasia -- n (%)                        1 (7.6)

ESD, endoscopic submucosal dissection; GIST/NET, gastrointestinal stromal tumor/neuroendocrine tumor

Superficial submucosal infiltration \< 1000 micrometers

Deep submucosal infiltration \> 1000 micrometers

Adverse events
--------------

Clinical perforation occurred in 66.7 % of cases (14/21). All patients improved with conservative treatment, including fasting and antibiotics. The need for per-procedural desufflation was not considered as a clinical perforation if no clinical consequence occurred in the following hours. No delayed bleeding requiring blood transfusion or endoscopic treatment was observed. Mean time to discharge was 3.1 ± 2 days. All complications were managed conservatively and there was no need for surgical intervention. No procedure-related mortality was observed.

Oncologic outcomes of patients with colorectal adenocarcinomas
--------------------------------------------------------------

**I** n 11 of 13 resected cancers, resection was histologically incomplete and, therefore, found to be oncologically inadequate. Additional surgery or radiotherapy was recommended by the local multidisciplinary meeting. Surgical resection was actually performed in seven patients (4 with en bloc and histologically complete resections of a carcinoma with deep submucosal invasion, 2 with positive deep resection margins, 1 with positive lateral margin). Overall, six of seven patients were pT0N0, including the three R1 resections, after surgery. Chemoradiotherapy was performed in one patient and in another patient before surgery. Two patients did not undergo surgical resection due to heavy comorbid conditions.

Discussion
==========

This is the first study on endoscopic full-thickness resection with an ESD knife in the colon and rectum. The study mainly included previously treated lesions in which the submucosal fibrosis caused by the initial resection attempt makes the procedure challenging with low rates of histologically complete resection achieved by endoscopy [@JR1703-5] [@JR1703-21] . Endoscopic full-thickness resection could be an interesting alternative to conventional surgery.

In this retrospective multicenter study, we found that endoscopic full-thickness resection performed using an ESD knife was feasible, achieving an en-bloc resection rate of 95.2 % and a R0 resection rate of 65 %, without severe complications. The clinical perforation rate of 66.7 % is higher than reported after colorectal ESD or TEM. It is extremely high due to our non-restrictive definition of clinical perforation. However, each case was treated conservatively with antibiotics, pain medication and fasting, without any need for surgery or another endoscopy. Local perforation of the colorectal wall is inherent to the technique and clinical manifestations with an inflammatory response should be expected. Also, mean time to discharge of 3 days is similar to other complex endoscopic procedures: mean reported hospital stay after colorectal ESD and TEM is 3 to 5 days [@JR1703-22] [@JR1703-23] and 5 to 8 days, respectively [@JR1703-12] [@JR1703-24] [@JR1703-25] , respectively. In the future, use of novel endoscopic techniques of full-thickness suturing could further decrease the rate of complications [@JR1703-26] [@JR1703-27] .

R0 resections rates of FTR using an ESD knife were slightly lower than the numbers reported using FTRD, ranging from to 79 % to 87 % [@JR1703-19] [@JR1703-28] [@JR1703-29] . Also, FTRD induces less complications, in particular a lower rate clinical perforation, due to the immediate and safe closure of the colon. However, FTRD has two important limitations: first, the cap limits the maximum size of the lesion that can be resected and the visibility of the lateral margins during the resection, potentially increasing the risk of histologically incomplete resection [@JR1703-19] ; second, treatment of a recurrence after use of the FTRD technique could be extremely challenging for an endoscopist because of the clip.

Of note, seven seven patients had T2 or T3 pathology on the resection specimen. This can be explained by a more difficult optical prediction of deep mural invasion in previously treated lesions. However, because three patients were unfit for surgery, endoscopic resection was the only possible curative treatment for them. Six of seven patients who underwent surgery had a tumor-free (pT0N0) specimen and did not actually benefit from surgical treatment. Full-thickness endoscopic resection could indeed be preferred for patients with contraindications of surgery. The decision for surgical resection was essentially based on risk of lymphatic invasion and the necessity to perform a concomitant lymphadenectomy. Preoperative evaluation of perirectal lymph nodes by endoscopic ultrasound and magnetic resonance imaging is challenging and development of more sensitive tools to detect positive perirectal lymph nodes, such as surgical perirectal lymph node sampling [@JR1703-30] or sentinel lymph node biopsy, could help identify patients who will actually benefit from surgical resection [@JR1703-31] . Larger studies are awaited to help identify indications and determine oncologic outcomes of these procedures.

This study was limited by its retrospective nature, introducing possible selection biases, and the small number of patients. Furthermore, only expert endoscopists were involved, calling into question generalizability of the results. The relatively high rate of secondary surgical indications (47.6 %) should be put into perspective with the selection bias towards lesions difficult to treat endoscopically.

Conclusion
==========

In conclusion, our data support that endoscopic full thickness resection in the colon and rectum using an ESD knife might be a feasible, safe, and promising resection technique. It allows complete resection of neoplastic lesions without limitation in size. The technique may be preferable to FTRD for lesions \> 20 mm, and to surgery in selected cases of low-risk T1 colorectal carcinomas, non-lifting adenomas with failure of conventional endoscopic resection techniques, subepithelial tumors, and lesions in difficult-to-reach locations. The possible benefit of a full-thickness resection with a knife over the FTRD for large rectal lesions needs to be confirmed by further studies.
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